The effect of interactions between organic solvents or water on the interfacial and bulk properties of 1-benzyl-3-methylimidazolium dicyanamide, [BzMIM][DCA] and 1-benzyl-3-methylimidazolium bis {(trifluoromethyl)sulfonyl}imide, [BzMIM][NTf 2 ] were determined via measurement of activity coefficients g N 13 at infinite dilution for 64 solutes. The data were obtained using the gas-liquid chromatography technique. Measurements were undertaken at six temperatures, in 10 K intervals, in the range of 318.15 to 368.15 K. The solutes studied included both non-polar and polar compounds, such as alkanes, alkenes, and alkynes, as well as aromatic hydrocarbons, alcohols, water, ethers, ketones, acetonitrile, pyridine, 1-nitropropane, thiophene, and esters. Density, r, and viscosity h, measurements for a range of temperatures, T for the chosen ionic liquids (ILs), [BzMIM][DCA] and [BzMIM][NTf 2 ] were also undertaken at pressure, p ¼ 101 kPa. The gas-liquid partition coefficients, K L at infinite dilution, and the fundamental thermodynamic functions, partial molar excess Gibbs energy, enthalpy and entropy at infinite dilution were calculated from the experimental data measurements. The values of selectivity and capacity for three separation cases, viz. hexane/hex-1-ene, cyclohexane/cyclohexene, and ethylbenzene/styrene were calculated from g 
Introduction
Ionic liquids (ILs) are nonvolatile salts with some rather unusual properties, such as high thermal stability, nonammability, and high solvation properties. They have been widely studied, and have been proposed as potential replacement solvents for conventional organic solvents [1] [2] [3] [4] [5] in separation processes. Examples of studies considering ILs for separation include extraction of aromatic hydrocarbons from alkanes, 5 desulphurization and denitrication of diesel oil, [6] [7] [8] and extraction of butan-1-ol from water. 9 Among the many potential separation applications, one of the most relevant is the employment of ILs as extractants for separation of alkenes from alkanes. Alkenes are particularly useful as substrates for the production of polymers and petrochemicals. The conventional separation technique for the alkane/alkene system is by distillation. Distillation processes can be extremely energy-intensive and technologically complex. Other separation methods, such as membranes technology or adsorption processes generally achieve a poor separation selectivity. Over the last decade, the adsorption of alkenes onto carbon, or zeolite A, or zeolite imidazolate framework ZIF-7, or metal-organic frameworks (MOFs) instant zeolites have been proposed as feasible, economical, and green alternatives to distillation.
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Preliminary information about suitable solvents for separation can be obtained from activity coefficients measurements at innite dilution (g N 13 ) by the gas-liquid chromatography (GLC) technique. Solvent suitability can also be determined from liquid-liquid phase equilibrium measurements in ternary systems. The information obtained from innite dilution activity coefficients and liquid-liquid equilibrium measurement is generally the rst step in the engineering design process to determine the most suitable extraction and separation processes. The use of predictive models, such as Mo UNI-FAC, PC SAFT, or COSMO RS are to date not accurate and reliable enough for the design of separation processes and restricted to the description of simple systems only. Thus, the importance and need for experimental data. In this study we propose to estimate the solvent separation ability for some ILs by an analysis of their selectivities and capacities, calculated from g . 18 The ILs with dicyanamide, or thricyanomethanide anions were also found to be very good for extraction of thiophene, or pyridine from aliphatic hydrocarbons. 6, 8, 19 As an example, [ 16 at T ¼ 328.15 K in the hexane/hex-1-ene separation process. The bis{(triuoromethyl)sulfonyl}imide, [NTf 2 ]-based ILs are appropriate alternatives for apolar molecular liquids and are widely proposed as new entrainers for many processes. 21 In this work we continue our investigations on the measurements of g N 13 and an analysis of the obtained Table 1 The name, abbreviation, structure, midpoint glass transition temperature, T g and change of heat capacity at the glass transition temperature, DC p(g) of investigated ionic liquids at pressure p ¼ 101 kPa 
Materials and methods

Materials
The ILs were purchased from Io-Li-Tec (Ionic Liquids Technologies, GmbH, Heilbronn, Germany), 1-benzyl-3-methylimidazolium dicyanamide, purity > 0.98 mass fraction; CAS: 958445-60-8, and 1-benzyl-3-methylimidazolium bis{(triuoromethyl)sulfonyl}imide, purity > 0.99 mass fraction; CAS: 433337-24-7. The names, abbreviation of names, structures, molar masses, glass transition temperatures (T g ) and heat capacity, (C p(g) ) values at glass transition are listed in Table 1 . The different solutes, purchased from Aldrich or Fluka, had purities better than 0.99 mass fraction and were used without further purication due to the fact that the GLC technique separates any impurities on the column. The specication and purity is shown in Table 1S in the ESI. †
Water content
The water content of the solvents was analyzed by the KarlFischer titration technique (method TitroLine KF). The sample of IL, or solvent was dissolved in methanol and titrated in steps of 0.0025 cm 3 . The uncertainty on the water content was 
The DSC diagrams of the ILs are shown as Fig. 1Sa and b in the ESI † and the nal results together with the literature data are listed in Table 1 .
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Density measurements
The density of the ILs was measured using an Anton Paar GmbH 4500 vibrating-tube densimeter (Graz, Austria), thermostated over a temperature range of (298.15-368.15) K. Two integrated Pt-100 platinum thermometers provided good precision in temperature control internally (T AE0.01 K). The densimeter has an automatic correction for the viscosity of the sample. The apparatus is precise to within 1 Â 10 À5 g cm À3 , and the uncertainty of the measurements was estimated to be u(r) ¼ AE1.1 Â 10 À3 g cm À3 . The densimeter's calibration was performed at atmospheric pressure using doubly distilled and degassed water (PURE LAB Option Q Elga Water System), specially puried benzene (CHEMIPAN, Poland 0.999), and dried air. The densities of ILs are listed in Table 2 .
23-29
Viscosity measurements
Viscosity measurements were carried out on an Anton Paar GmbH AMVn (Graz, Austria) programmable rheometer, with a nominal uncertainty of AE0.15% and reproducibility < 0.05% for viscosities from 7.6 mPa s to 140 mPa s. Table 2 .
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Apparatus and experimental procedure
Experiments were performed using a Perkin Elmer Clarus 500 gas chromatograph equipped with a thermal conductivity detector (TCD). The data were collected and processed using the TotalChrom Workstation soware. The column preparation and the packing method used in this work have been described in detail in our previous work. 19, 20 Glass columns of length 1 m, with a 4 mm internal diameter were used. The solid support Chromosorb W/AW-DCMS 100/120 mesh was supplied by Sigma-Aldrich. Coating of the solid support material with the IL was performed by dispersing a certain portion of the IL in methanol, followed by evaporation of the solvent using a rotary evaporator. The masses of the stationary phase and of the solid support were weighed with a precision AE0.0001 g, achieving an uncertainty in the IL loading on the column in the order of 2 Â 10 À4 mmol. The solvent loading on the column for 1-benzyl-3-methylimidazolium dicyanamide was 45.1% and 49.7% mass percent, and for 1-benzyl-3-methylimidazolium bis{(triuoromethyl)sulfonyl}imide it was 45.0% and 50.7% mass percent. The large loading prevents possible residual adsorption of solute onto the column packing. Care was taken to ensure that the methanol was completely evaporated from the IL-coated solid support prior to column fabrication. Prior to each experiment, the column was conditioned by blowing hot carrier gas through it at a high ow rate ($2.0 cm 3 s À1 ) at 370 K for about 8 h. The pressure drop (P i À P o ) was varied between 60 and 80 kPa depending on the ow rate of the carrier gas. The inlet pressure, P i , was measured by a pressure gauge installed on the gas chromatograph with an uncertainty of AE0.1 kPa and the outlet pressure, P o , was measured using an Agilent Precision Gas Flow Meter having an uncertainty of AE0.07 kPa. The mean column pressure, p, inlet column pressure, P i , outlet column pressure, P o and standard state of solutes at given temperatures and st. state are listed in Table 2S in the ESI. † The carrier gas used was helium. The ow rate of carrier gas was determined using an Agilent precision gas ow meter which was placed at the outlet aer the detector and had an uncertainty of AE0.1 ml min À1 . The ow rate was set for a series of runs and was allowed to stabilize for at least 15 min before any g N 13 determinations were made. Solute injections ranged from 0.01 to 0.3 ml and can be considered to be at "innite dilution" on the column.
Temperature-dependent experiments were carried out in 10 K steps from (318.15 to 368.15) K. The temperature of the column was maintained constant to within AE0.02 K. At a given temperature, each experiment was repeated two to three times to establish reproducibility. Retention times were generally reproducible to within 10 À3 to 10 À2 min depending upon the temperature and the individual solute. At each temperature, values of the dead time, t G , equivalent to the retention time of a completely non-retained component were also measured. While our GC was equipped with a TCD detector, air was used as a non-retainable component. The estimated overall error in g N 13 was less than 3%, taking into account the possible errors in determining the column loading, the retention times, and solute vapor pressure. The resultant activity coefficient values as a function of temperature are summarized in Tables 3 and 4 
Theoretical basis
The equations developed by Everett 30 and Cruickshank et al. 31 were used in this work to calculate g N 13 for solutes in ILs:
In this expression, n 3 is the number of moles of solvent on the column packing, R is the universal gas constant, T is the column temperature, V N denotes the net retention volume of the solute, P * 1 is the saturated vapor pressure of the solute at temperature T, B 11 is the second virial coefficient of pure solute, V * 1 is the molar volume of the solute, P o is the outlet pressure, P o J 2 3 is the mean column pressure, B 12 (where the subscript "2"
refers to the carrier gas, in this case helium) is the mixed second virial coefficient of the solute and carrier gas, and V N 1 is the partial molar volume of the solute at innite dilution in the solvent. The thermophysical properties required in developing the activity coefficients at innite dilution were calculated using equations and constants known from literature. 32 The values of B 12 were calculated using the Tsonopolous equation. 33 The pressure correction term, J 2 3 , is given by: 
The net retention volume of the solute, V N , is given by:
where t R and t G are the retention times for the solute and an unretained gas, respectively, and U o is the column outlet ow rate, taken from the apparatus. While the activity coefficients at innite dilution are determined as a function of temperature, ln g N 13 can be split to its respective partial molar excess thermodynamic functions:
Assuming that the temperature dependence follows a linear van't Hoff plot:
the partial molar excess enthalpy, DH E,N 1 ¼ Ra, at innite dilution can be obtained from the slope.
The
) for a solute partitioning between a carrier gas and the IL was calculated from the solute retention according to the following equation
In which r 3 is the density of the IL and m 3 is the mass of the IL and V N 1 is the partial molar volume of the solute at innite dilution.
Results and discussion
Thermal and physico-chemical characteristic The global analysis drawn from Tables 3 and 4 shows that the g N 13 values increase with the alkyl chain length in a series of alkanes, cycloalkanes, alkenes, alkynes, aromatic hydrocarbons (increasing radicals), alcohols, ethers, and ketones, which is an indication of the decrease of interactions between the solute and the IL at innite dilution. Furthermore, despite the lower number of alkyl chains, the higher measured retention time is an evident observation of the decrease of the g The largest values of g 20 The high K L value corresponds to a large affinity of the solute to the liquid phase. The K L value increases with a decrease of temperature and with an increase of the alkane chain length for alkanes, alkenes, alkynes, cycloalkanes, alcohols, esters and ethers. The K L values increase with an increase of the radicals in the aromatic compounds. 
and the capacity (k
were calculated from the experimental activity coefficients at innite dilution values. The results are listed in Table 8 for both ILs for the three separation cases: hexane (1)/hex-1-ene (2), cyclohexane (1)/cyclohexene (2), and ethylbenzene (1) À -based
ILs is larger than that with aliphatic hydrocarbons. Unfortunately, the high selectivity of the above-mentioned ILs are accompanied with low capacity. Among the 67 ILs listed in Table 8 , the capacity is in a range (k 
Conclusions
In this work, we have studied the potential use of 1-benzyl-3-methylimidazolium dicyanamide, [BzMIM] [DCA] and 1-benzyl-3-methylimidazolium bis{(triuoromethyl)sulfonyl}imide, [BzMIM][NTf 2 ] ILs in three processes for separation, viz. hexane/ hex-1-ene, cyclohexane/cyclohexene, and ethylbenzene/styrene. For that purpose, experimental measurements were performed for the activity coefficients at innite dilution for 64 solutes in both ILs at six temperatures ranging between (318.15 and 368.15) K. In addition, thermal properties, densities, and viscosities of both ILs were also measured as a function of temperature. The interactions of various types of organic solutes and water with two ionic liquids at innite dilution were discussed and shown with regard to the activity coefficients, the gas-liquid-partition coefficients and the thermodynamic functions. Using the reported experimental data, along with other data from literature, the impact of the ILs cation and anion in the three chosen separation problems was analyzed. 16,27 Therefore, in this context, the conclusion must be made that the presence of the benzyl group in the imidazolium cation has not considerably increased the selectivity in both ILs in comparison with the allyl group, but has increased the capacity, especially for styrene.
